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(57) ABSTRACT 

In a MEMS type variable capacity having a piezoelectric 
driving mechanism, a movable head having movable elec 
trodes are arranged thereon, stationary electrodes is posi 
tioned to face the movable electrodes, and a piezoelectric 
driving beam structure is joined to the movable head and have 
one end fixed to the substrate. The movable electrode and the 
stationary electrode form a variable capacity. In the variable 
capacity, the distance and capacitance between the movable 
electrode and the stationary electrode of the variable capacity 
can be maintained constant so as to realize a reproducibility 
and a reliable controllability. 

19 Claims, 7 Drawing Sheets 
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PIEZOELECTRIC MEMS ELEMENT AND 
TUNABLE FILTEREQUIPPED WITH THE 

PIEZOELECTRIC MEMS ELEMENT 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is based upon and claims the benefit of 
priority from prior Japanese Patent Application No. 2004 
278264, filed Sep. 24, 2004, the entire contents of which are 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a piezoelectric MEMS 

(Micro-electro-mechanical System) element and a tunable 
filter, particularly, to a variable capacity having a piezoelec 
tric driving mechanism utilizing a piezoelectric thin film. 

2. Description of the Related Art 
A variable capacity/diode utilizing a change in the thick 

ness of the depletion layer in the PN junction is known as a 
conventional variable capacity or capacitor. However, the 
variable capacity/diode has a capacitance varying range that 
is only about 5 times as much as the reference capacitance 
value, and the quality coefficient (Q value) of the variable 
capacity/diode denoting the Smallness of the loss is Small, i.e., 
about 20 to 30, and, thus, the use of the variable capacity/ 
diode is currently limited. 
On the other hand, a variable capacity or capacitor pre 

pared by the MEMS technology attracts attention in recent 
years. For example, a variable capacity is exemplified in 
Japanese Patent Disclosure (Kokai) No. 2003-258502. In the 
variable capacity disclosed in this prior art, a movable body is 
arranged upward of a coplanar line formed on a Substrate, and 
a movable electrode is mounted to the movable body so as to 
face the coplanar line. A DC current is applied between the 
movable electrode and a stationary electrode so as to displace 
the movable body toward the stationary electrode and, thus, a 
capacitance between the movable electrode and the coplanar 
line is varied. 

Recently, a MEMS type variable capacity utilizing the 
piezoelectric reaction as the driving force of a movable beam 
attracts attention. This variable capacity permits wide and 
continuous variation of the distance between the movable 
electrode and the stationary electrode, leading to various mer 
its. For example, it is possible to obtain a high rate of change 
of capacitance. Also, since air or a gas is used as the dielectric 
material, it is possible to obtain a large Q value. 

Also, it is possible for the variable capacity to be of a 
capacity type structure in which the movable electrode is 
brought into contact with the stationary electrode with a very 
thin dielectric film interposed therebetween or to be of a DC 
type switch structure in which the movable electrode is 
brought into direct contact with the stationary electrode. The 
switch manufactured by the MEMS technology described 
above permits a low on-resistance and high insulating sepa 
rating properties in the off-time, compared with a semicon 
ductor Switch and, thus, attracts attentions very much. 

However, the MEMS type variable capacity has a long and 
thin beam structure Supported in the air and includes a piezo 
electric layer sandwiched between upper and lower elec 
trodes. The particular construction gives rise to the problems 
that a slight residual stress in the material constituting the 
beam causes the variable capacity to be warped in the vertical 
direction and that a slight difference in the thickness and the 
properties of the material constituting the beam causes an 
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2 
amount of displacement generated by the Voltage application 
to be changed. It follows that it is very difficult to maintain the 
capacitance value before and after the Voltage application as 
designed in the variable capacity and to maintain the same 
change in the capacitance of a large number of variable 
capacities. 

BRIEF SUMMARY OF THE INVENTION 

An object of the present invention is to provide a piezo 
electric MEMS element, which permits maintaining constant 
the distance between the movable electrode and the stationary 
electrode in a MEMS type variable capacity structure having 
a piezoelectric driving mechanism So as to make it possible to 
achieve a reproducible and reliable control, and to provide a 
tunable filter equipped with this piezoelectric MEMS ele 
ment. 

According to a first aspect of the present invention, there is 
provided a piezoelectric MEMS element, comprising: 

a Substrate having a first Surface; 
a movable head having a second surface faced to the first 

Surface, and movable electrodes arranged on the second Sur 
face; 

pairs of stationary electrodes formed on the first surface, 
each of the pairs of stationary electrodes being arranged to 
face a movable electrode with a gap; and 

a driving beam structure configured to drive the movable 
head, the driving beam structure including a piezoelectric 
film generating a driving force, which is elongated from the 
movable head to the end of the driving beam structure in a 
longitudinal direction of the driving beam structure, the end 
of the driving beam structure being fixed to the substrate to 
Support the movable head, variable capacities being formed 
between the movable electrode and the stationary electrode, 
the capacitance of the variable capacity being varied depend 
ing on the driving of the movable head. 

According to a second aspect of the present invention, there 
is provided a piezoelectric MEMS element, comprising: 

a Substrate having a first Surface; 
a movable head having a second Surface faced the first 

Surface, and including movable electrodes which are substan 
tially symmetrically arranged on the second Surface with 
respect to the center point of the movable head; 

pairs of stationary electrodes formed on the first surface, 
each pairs of stationary electrodes being so arranged to face 
the movable electrode with a gap; and 

a driving beam structure configured to drive the movable 
head, the driving beam structure including first, second, third 
and fourth driving beams arranged in Symmetry with respect 
to the center point of the movable head, each of the first, 
second, third and fourth driving beams including a piezoelec 
tric film deforming the driving beam structure, which is elon 
gated in a longitudinal direction of corresponding one of the 
driving beams from the movable head to the end of the cor 
responding driving beam, the ends of the first, second, third 
and fourth driving beams being fixed to the Substrate to Sup 
port the movable head, variable capacities being formed 
between the movable electrode and the stationary electrode, 
and the capacitance of the variable capacity being varied 
depending on the driving of the movable head. 

According to a third aspect of the present invention, there is 
provided a piezoelectric MEMS element, comprising: 

a Substrate having a first Surface; 
a movable head having a second surface faced to the first 

Surface and movable electrodes which are arranged on the 
second Surface Substantially in symmetry with respect to the 
center point of the movable head; 
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pairs of stationary electrodes formed on the first surface, 
each of the pairs of stationary electrodes being arranged to 
face the movable electrodes with a gap; and 

a driving beam structure configured to drive the movable 
head, including first and second driving beams which are 
extended in opposite directions to support the movable head, 
each of the first and second driving beams including a piezo 
electric film generating a driving force, the piezoelectric ele 
ment extending in a longitudinal direction of corresponding 
one of the first and second driving beams from the movable 
head to the end of the corresponding driving beam, variable 
capacities being formed between the movable electrode and 
the stationary electrodes, and the capacitance of the capacities 
being varied depending on the driving of the movable head. 

According to a fourth aspect of the present invention, there 
is provided a tunable filter, comprising: 

input-output line and a ground line; 
first resonance circuits connected in series to the input 

output line, including a first resonator connected to the input 
output line, a first variable capacity connected in parallel to 
the first resonator, and a second variable capacity connected 
in series to the first resonator and to the first variable capacity, 

the first and second variable capacities being formed offirst 
and second piezoelectric MEMS elements, and each of the 
first and second piezoelectric MEMS elements comprising: 

a first Substrate having a first Surface; 
a first movable head having a second surface faced to the 

first surface and first movable electrodes which are 
arranged on the second Surface; 

pairs of first stationary electrodes formed on the first sur 
face, each of the pairs of first stationary electrodes being 
arranged to face the first movable electrodes with a first 
gap; and 

a first driving beam structure configured to drive the first 
movable head, the driving beam structure including a 
first piezoelectric film generating a driving force, which 
is elongated from the movable head to the end of the 
driving beam structure in a longitudinal direction of the 
first driving beam structure, the end of the first driving 
beam structure being fixed to the substrate to support the 
movable head, one of the first and second variable 
capacities being formed between the first movable elec 
trode and the first stationary electrodes, and the capaci 
tance of the first and second capacities being varied 
depending on the driving of the first movable head; and 

a second resonance circuits arranged between the first reso 
nance circuits and connected between the input-output line 
and the ground line and including a second resonator con 
nected between the input-output line and the ground line, a 
third variable capacity connected in parallel to the second 
resonator, and a fourth variable capacity connected in series 
to the second resonator and to the third variable capacity, 

the third and fourth variable capacities being formed of 
third and fourth piezoelectric MEMS elements, and each of 
the third and fourth piezoelectric MEMS element compris 
ing: 

a second Substrate having a third Surface; 
a second movable head having a fourth Surface faced to the 

third surface and second movable electrodes which are 
arranged on the fourth Surface; 

pairs of second stationary electrodes formed on the third 
Surface, each of the pairs of second stationary electrodes 
being arranged to face the second movable electrodes 
with a second gap; and 

a second driving beam structure configured to drive the 
movable head, the driving beam structure including a 
second piezoelectric film generating a driving force, 
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4 
which is elongated from the movable head to the end of 
the second driving beam structure in a longitudinal 
direction of the second driving beam structure, the end 
of the first driving beam structure being fixed to the 
substrate to support the movable head, one of the third 
and fourth variable capacities being formed between the 
second movable electrode and the second stationary 
electrodes, and the capacitance of the third and fourth 
capacities being varied depending on the driving of the 
second movable head. 

Further, according to a fifth aspect of the present invention, 
there is provided a tunable filter, comprising: 

first and second input terminals; 
first and second output terminals; 
a bridge circuit including first and second resonance cir 

cuits connected between the first input terminal and first and 
second output terminals and third and fourth resonance cir 
cuits connected between the second input terminal and the 
first and second output terminals, each of the first to fourth 
resonance circuits being formed of a resonator, a first variable 
capacity connected in series to the resonator, and a second 
variable capacity connected in parallel to the series circuit of 
the resonator and the first variable capacity, the first variable 
capacity included in each of the first to fourth resonance 
circuits being formed of a first piezoelectric MEMS element, 
the first variable capacity included in each of the second and 
third resonance circuits being formed of a second piezoelec 
tric MEMS element, a second variable capacity included in 
each of the first and fourth resonance circuits being formed of 
a third piezoelectric MEMS element, and the second variable 
capacity included in each of the second and third resonance 
circuits being formed of a fourth piezoelectric MEMS ele 
ment, 

each of the first, second, third and fourth piezoelectric 
MEMS elements comprising: 

a Substrate having a first Surface; 
a movable head having a second surface faced to the first 

Surface and movable electrodes which are arranged on 
the second Surface; 

pairs of stationary electrodes formed on the first surface, 
each of the pairs of stationary electrodes being arranged 
to face the movable electrodes with a gap; and 

a driving beam structure configured to drive the movable 
head, which are extended in opposite directions to Sup 
port the movable head, each of the first and second 
driving beams including a piezoelectric film generating 
a driving force, the piezoelectric element extending in a 
longitudinal direction of corresponding one of the first 
and second driving beams from the movable head to the 
end of the corresponding driving beam, one of the first to 
fourth variable capacities being formed between the 
movable electrode and the stationary electrodes, and the 
capacitance of the capacities being varied depending on 
the driving of the movable head. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

FIG. 1 is a plan view schematically showing the construc 
tion of a MEMS type variable capacity having a piezoelectric 
driving mechanism according to a first embodiment of the 
present invention; 

FIG. 2 is a cross-sectional view along the line II-II shown 
in FIG. 1; 
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FIG. 3 is a plan view schematically showing the construc 
tion of a MEMS type variable capacity having a piezoelectric 
driving mechanism according to a second embodiment of the 
present invention; 

FIG. 4 is a cross-sectional view along the line IV-IV shown 
in FIG. 3; 

FIG. 5 is a plan view schematically showing the construc 
tion of a MEMS type variable capacity having a piezoelectric 
MEMS element according to a third embodiment of the 
present invention; 

FIG. 6 is a cross-sectional view along the line VI-VI shown 
in FIG. 5; 

FIG. 7 is a cross-sectional view schematically showing the 
construction of a head at the time when the piezoelectric 
MEMS element of a cantilever structure is moved in parallel 
in the MEMS type variable capacity shown in FIG. 5; 

FIG. 8 is a plan view schematically showing a desirable 
wiring in the MEMS type variable capacity shown in FIG.7: 

FIG. 9 is a circuit diagram of a ladder type filter using the 
MEMS type variable capacity having the apiezoelectric driv 
ing mechanism according to a fourth embodiment of the 
present invention; 

FIG. 10 is a graph showing the frequency characteristics of 
the circuit shown in FIG. 5: 

FIG. 11 is a circuit diagram of a lattice type filter in which 
is incorporated a MEMS type variable capacity including a 
piezoelectric driving mechanism according to a fifth embodi 
ment of the present invention and a monitor circuit; 

FIG. 12 is a block diagram showing the circuit having a 
variable capacity according to the third embodiment of the 
present invention applied to an LNA, and 

FIG. 13 is a graph showing the transmitting characteristics 
of LNA in the circuit shown in FIG. 12. 

DETAILED DESCRIPTION OF THE INVENTION 

The piezoelectric MEMS elements according to some 
embodiments of the present invention and a tunable filter 
equipped with the piezoelectric MEMS element will now be 
described with reference to the accompanying drawings. 

First Embodiment 

FIG. 1 is a plan view Schematically showing the construc 
tion of a MEMS type variable capacity or capacitor having a 
piezoelectric driving mechanism of a beam structure Sup 
ported on both sides according to a first embodiment of the 
present invention, and FIG. 2 is a cross sectional view along 
the line II-II shown in FIG. 1. 
As shown in FIG. 1, a recess 2 that is substantially square 

as viewed from above is formed in an insulating Substrate 1. 
For example, the recess 2 is shaped substantially square. It 
should be noted, however, the shape of the recess 2 is not 
limited to a squarer shape. A band-like laminate structure 
having a so-called “bimorph structure', which constitutes a 
piezoelectric driving mechanism 100 and is substantially 
cross-shaped, is formed on the Substrate 1 in a manner to cross 
the space above recess 2. The laminate structure extends from 
the peripheral region of the Substrate 1 surrounding the recess 
2 in a manner to form a Substantially cross-shaped configu 
ration, as shown in FIG.1. As shown in FIG. 2, the band-like 
laminate structure forming the piezoelectric driving mecha 
nism 100 comprises a lower electrode 3, a first piezoelectric 
film 4 extended to close the recess 2 and formed on the lower 
electrode 3, an intermediate electrode 5 formed on the first 
piezoelectric film 4, a second piezoelectric film 6 formed on 
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6 
the intermediate electrode 5, and an upper electrode 7 formed 
on the second piezoelectric film 6. 

In the first embodiment shown in FIG. 1, each of the lower 
electrode 3, the intermediate electrode 5 and the upper elec 
trode 7 is formed of an Al film having a thickness of 200 nm. 
On the other hand, each of the first piezoelectric film 4 and the 
second piezoelectric film 6 is formed of an AlN film oriented 
in the c-axis and having a thickness of 500 nm. As shown in 
FIG. 2, the laminate structure comprises a Support section 8. 
a piezoelectric driving section, i.e., driving beam structure9. 
a neck section 10 and a movable head 11 positioned in the 
order mentioned in the longitudinal direction of the laminate 
structure. In other words, the movable head 11 is positioned to 
face the central region of the recess 2, and the neck section 10, 
the piezoelectric driving section 9 and the support section 8 
are arranged to extend along the sides of the rectangular 
recess in a manner to form a cross-shaped configuration so as 
to support the movable head 11. The support section 8 is fixed 
to the peripheral surface of the substrate 1 around the recess 2 
and the piezoelectric driving section 9 is supported by the 
Support section 8 and extends from the Support section 8 into 
the space above the recess2. The neck section 10 is positioned 
between the piezoelectric driving section 9 and the movable 
head 11. The neck section 10 is formed such that the lower 
electrode 3, the intermediate electrode 5 and the upper elec 
trode 7 are removed from the laminate structure by the pat 
terning. The central portion is removed to form avoid so as to 
form a laminate structure of the first and second piezoelectric 
films 4 and 6 and not including a conductive portion as shown 
in FIG. 1, and the neck section 10 has a curved cross section 
that is flexible as shown in FIG. 2. Also, the movable head 11 
is formed substantially hexagonal on a plane as shown in FIG. 
1 and is supported by the piezoelectric driving section 9 via 
the neck section 10 and has a laminate structure of the first and 
second piezoelectric films 4 and 6 and not including a con 
ductive section, as shown in FIG. 2. 
A movable electrode 12 included in the variable capacity or 

capacitor is formed on the lower surface of the movable head 
11. Also, a pair of stationary electrodes 13A, 13B included in 
the variable capacity are formed apart from each other on the 
surface of the substrate 1 within the recess 2 and positioned to 
face the movable electrode 12. A thin dielectric film 14 is 
formed on each of the stationary electrodes 13A, 13B. As 
shown in FIG. 1, the support section 8 and the driving section 
9 extend outward in four directions from the movable head 11 
in the form of a band. Also, wirings 15A, 15B connected to the 
pair of stationary electrodes 13A, 13B extend along the sur 
face of the substrate 1 in a direction swung by about 45° from 
the direction in which the support section 8 and the driving 
section 9 extend so as to prevent the wirings 15A, 15B from 
crossing the driving section 9. 

If DC voltages V1,V2 of the opposite polarities are applied 
between the lower electrode 3 and the intermediate electrode 
5 and between the intermediate electrode 5 and the upper 
electrode 7 included in the piezoelectric driving mechanism, 
respectively, the first piezoelectric film 4 is elongated in the 
thickness direction substantially perpendicular to the sub 
strate surface and is diminished in the direction of the driving 
axis corresponding to the longitudinal direction of the lami 
nate structure. Also, the second piezoelectric film is dimin 
ished in the thickness direction and is elongated in the direc 
tion of the driving axis. As a result, the driving section 9 is 
deformed upward as a whole so as to cause the movable head 
11 to be moved upward in the vertical direction. It follows that 
the distance between the movable electrode 12 of the variable 
capacity and the pair of stationary electrodes 13A, 13B 
formed on the surface of the recess 2 included in the substrate 
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1 is varied by the Voltage application so as to vary the capaci 
tance value between the movable electrode 12 and the sta 
tionary electrode 13A, and between the movable electrode 12 
and the stationary electrode 13B. 
AS shown in FIG. 1, in the MEMS type variable capacity 

having a piezoelectric driving mechanism, 4 sets of the driv 
ing sections 9 acting as an actuator are arranged substantially 
in symmetry with respect to the center of the movable head 
11. It follows that, if the central driving head section 11 acting 
as a variable capacity is driven, the movable head 11 is ren 
dered movable in a direction perpendicular to the substrate 
while the movable head 11 is held parallel as a whole to the 
substrate. Also, four sets of movable electrodes 12 are 
arranged in the movable head 11 in symmetry with respect to 
the center of the movable head 11. Even where a stress is 
exerted in a manner to collapse the symmetrical relationship 
among the four sets of the piezoelectric driving sections 9 
with respect to the movable head 11, the movable head 11 can 
be held parallel to the substrate because this movable elec 
trodes 12 are also arranged in symmetry with respect to the 
center of the movable head 11. It follows that all the movable 
electrodes 12 exhibit a similar behavior and change in capaci 
tance relative to the stationary electrodes 13A, 13B posi 
tioned to face the movable electrode 12, with the result that 
four variable capacities have a net effect of enabling stable 
overall control. 
The capacitance of the four sets of the variable capacities 

was measured by applying a control voltage (Vtune) of 0-3V 
between the lower electrode 3 and the intermediate electrode 
5, and a control voltage of 0--V between the intermediate 
electrode 5 and the upper electrode 7, with the result that a 
high uniform change in capacitance was obtained continu 
ously such that the minimum capacitance was found to be 
0.213+0.002 pF and the maximum capacitance was found to 
be 51.8+0.7 pF. 

Second Embodiment 

A piezoelectric driving MEMS type variable capacity or 
capacitor according to a second embodiment of the present 
invention will now be described with reference to FIGS. 3 and 
4. FIG. 3 is a plan view schematically showing the construc 
tion of a MEMS type variable capacity having a piezoelectric 
driving mechanism of a beam structure Supported on both 
sides, and FIG. 4 is a cross-sectional view along the line IV-IV 
shown in FIG. 3. 
As shown in the drawings, a recess 22 that is substantially 

oblong as viewed from above is formed in the upper surface 
region of an insulating Substrate 21. In this embodiment, the 
recess 22 is shaped Substantially oblong. However, the recess 
22 is not limited to an oblong recess. Formed above the recess 
22 included in the substrate 21 is a so-called “unimorph 
structure', i.e., a laminate structure constituting a piezoelec 
tric driving mechanism 200 and of a support film 23, a lower 
electrode 24, a piezoelectric film 25, and an upper electrode 
26, which are laminated one upon the other in the order 
mentioned. In this embodiment, each of the lower electrode 
24 and the upper electrode 26 is formed of an Al film having 
a thickness of 200 nm. Also, the piezoelectric film 25 is 
formed of an AlN film oriented in the c-axis and having a 
thickness of 500 nm. The laminate structure includes a Sup 
port section 27, a first piezoelectric driving section, i.e., driv 
ing beam structure 28, a second piezoelectric driving section, 
i.e., driving beam structure 29 and a movable head 32 like the 
laminate structure shown in FIGS. 1 and 2. The support sec 
tion 27 is fixed to the peripheral region of the substrate 21 
Surrounding the recess 22. The first piezoelectric driving sec 
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8 
tion 28 is arranged above the recess 22 and joined to the 
Support section 27. The second piezoelectric driving section 
29 is also positioned above the recess 22 and joined to the first 
piezoelectric driving section 28. Further, the movable head 32 
is arranged above the central region of the recess 22 and 
joined to the second piezoelectric driving section 29 So as to 
be supported Swingable by the first piezoelectric driving sec 
tion 28 and the second piezoelectric driving section 29. In 
other words, the movable head 32 arranged above the central 
region of the recess 22 is suspended movable by the first 
piezoelectric driving section 28, the second piezoelectric 
driving section 29 and the support section 27 fixed to periph 
eral region of the substrate 21. 

Also, a first via hole 30 and a second via hole31 are formed 
in that portion of the piezoelectric film 25 which is positioned 
between the first piezoelectric driving section 28 and the 
second piezoelectric driving section 29. The first via hole 30 
permits the upper electrode 26 of the first piezoelectric driv 
ing section 28 to be connected to the lower electrode 24 of the 
second piezoelectric driving section 29, and the second via 
hole 31 permits the upper electrode 26 of the second piezo 
electric driving section 29 to be connected to the lower elec 
trode 24 of the first piezoelectric driving section 28. By this 
connection, the laminate structure of the first piezoelectric 
driving section 28 and the second piezoelectric driving sec 
tion 29 constitutes a double clamp bridge, with the result that 
the first piezoelectric driving section 28 and the second piezo 
electric driving section 29 are deformed in opposite directions 
so as to drive the movable head 32 in an S mode. 

A movable electrode 33 of the variable capacity or capaci 
tor is formed on the lower surface of the movable head 32. 
Also, stationary electrodes 34A, 34B of the variable capacity 
are formed on the surface of the recess 22 in a manner to face 
the movable electrode 33. Further, a thin dielectric film 35 is 
formed on surface of each of the stationary electrodes 34A 
and 34B. 

In the second embodiment, the first piezoelectric driving 
sections 28 and the second piezoelectric driving sections 29 
are arranged in symmetry with respect to the movable head 32 
as shown in FIG. 3. Wirings 40 connected to the stationary 
electrodes 34A, 34B extend in a direction substantially per 
pendicular to the extending direction of the first piezoelectric 
driving section 28 and the second piezoelectric driving sec 
tion 29. In other words, the extending direction of the wiring 
40 makes an angle of substantially 90° with the extending 
direction of the first and second piezoelectric driving sections 
28 and 29 so as to prevent the wirings 40 from crossing the 
first piezoelectric driving section 28 and the second piezo 
electric driving section 29. 

If a DC voltage V3 is applied between the lower electrode 
24 and the upper electrode 26 included in the piezoelectric 
driving mechanism, the piezoelectric film 25 included in the 
first piezoelectric driving section 28 is shrunk in the film 
thickness direction and elongated in the direction of the driv 
ing axis so as to cause the first piezoelectric driving section 28 
to be deformed upward. Also, the piezoelectric film included 
in the second piezoelectric driving section 29 is elongated in 
the film thickness direction and is shrunk in the direction of 
the driving axis so as to cause the second piezoelectric driving 
section 29 to be deformed downward. It follows that the first 
piezoelectric driving section 28 and the second piezoelectric 
driving section 28 are deformed to form an S-shape as a 
whole. It follows that the movable head can be moved in a 
direction perpendicular to the substrate while being held par 
allel to the substrate. It should be noted that the distance 
between the movable electrode 33 and the stationary elec 
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trode 34 in the variable capacity is changed by the application 
of the Voltage V3 So as to vary the capacitance value. 

In the MEMS type variable capacity having the piezoelec 
tric driving mechanism according to the second embodiment 
of the present invention, the two sets of the first piezoelectric 
driving sections 28 and the second piezoelectric driving sec 
tions 29 are arranged in symmetry with respect to the movable 
head 32. If the movable head 32 arranged in the center is 
driven, the movable head 32 is held parallel as a whole to the 
Substrate and can be moved in a direction perpendicular to the 
substrate 21. Also, two sets of the movable electrodes 33 of 
the variable capacity are arranged in symmetry with respect to 
the center of the movable head 32. Even where a stress is 
exerted in a manner to destroy the symmetry between the pair 
of the first piezoelectric driving sections 28 and between the 
pair of the second piezoelectric driving sections 29 with 
respect to the movable head 32, the movable head 32 can be 
held parallel to the substrate because the movable electrodes 
33 are also arranged in symmetry with respect to the center of 
the movable head 32. It follows that all the movable elec 
trodes 33 exhibit a similar behavior and the change in the 
capacitance relative to the stationary electrodes 34A, 34B 
positioned to face the movable electrode 33, with the result 
that four variable capacities permit have a net effect of 
enabling stable control. 
The capacitance of the four sets of the variable capacities 

was measured by applying a control voltage (Vtune) of 0-3V 
between the lower electrode 3 and the intermediate electrode 
5, and a control voltage of 0-3V between the intermediate 
electrode 5 and the upper electrode 7, with the result that a 
highly uniform change in capacitance was obtained continu 
ously such that the minimum capacitance was found to be 
0.348+0.003 pF and the maximum capacitance was found to 
be 75.3+0.8 pF. 

Third Embodiment 

A piezoelectric driving MEMS type variable capacity or 
capacitor according to a third embodiment of the present 
invention will now be described with reference to FIGS.5 and 
6. FIG. 5 is a plan view schematically showing the construc 
tion of a piezoelectric driving MEMS type variable capacity 
having a piezoelectric driving mechanism of a cantilever 
structure, and FIG. 6 is a cross-sectional view along the line 
VI-VI shown in FIG. 5. 

As shown in the drawing, a so-called “unimorph structure'. 
i.e., the laminate structure in the driving section, i.e. driving 
beam structure 107 including a lower electrode 103, a piezo 
electric film 104, an upper electrode 105, and a support film 
106, is formed on an insulating substrate 101 with an anchor 
102 used as a fulcrum. In this Embodiment, each of the lower 
electrode 103 and the upper electrode 105 is formed of an Al 
film having a thickness of 200 nm. Also, the piezoelectric film 
104 is formed of an AlN film oriented in the c-axis and having 
a thickness of 500 nm. 

A movable head 109 having a movable electrode 108 of 
two variable capacities on the lower surface is formed at the 
tip of the driving section 107. Also, stationary electrodes 
110A, 110B of two variable capacities positioned to face the 
movable electrode 108 are formed on those portions of the 
substrate surface which are positioned to face the movable 
electrode 108. Further, the stationary electrodes 110A, 110B 
are connected, respectively, to stationary electrode wirings 
112A, 112B of the variable capacity. The two stationary elec 
trodes 110A, 110B positioned to face the stationary electrode 
108 serve to form a pair of capacities connected in series and 
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10 
the pair of capacities connected in series are connected 
between the stationary electrode wirings 112A and 112B. 

If a DC voltage V4 is applied between the lower electrode 
103 and the upper electrode 105 of the piezoelectric driving 
mechanism, the piezoelectric film 104 is elongated in the film 
thickness direction and shrunk in the direction of the driving 
axis so as to cause the driving section 107 to be deformed 
upward and, thus, the movable head 109 is moved toward the 
substrate 101. It follows that the distance between the mov 
able electrode 108 and the stationary electrodes 110A, 110B 
is varied by the Voltage application so as to vary the capaci 
tance value of the variable capacity 111. 

In the piezoelectric driving mechanism in this Embodi 
ment, the driving section 107 is deformed in a convex form by 
application of the driving voltage, with the result that the 
movable head 109 is inclined so as to be moved toward the 
substrate, as shown in FIG. 5. Since the movable electrode 
108 of the two variable capacities is arranged perpendicular to 
the driving axis of the piezoelectric driving mechanism and 
parallel to the substrate surface, a similar behavior and a 
change in capacitance are exhibited between the stationary 
electrodes positioned to face the two movable electrodes even 
where the movable head 109 is inclined. Incidentally, the 
capacitance of each of the variable capacities is equal to the 
capacitance of a series connection of the capacity formed 
between the stationary electrode 110A and the movable elec 
trode 108 and the capacity formed between the movable elec 
trode 108 and the stationary electrode 110B. 

Also, the stationary electrodes 110A, 110B are connected 
directly to the stationary electrode wirings 112A, 112B, 
respectively, formed in the same size on the substrate 102, and 
are quite independent of the structure of the driving section 
107 and the voltage applied to the lower electrode 103 and to 
the upper electrode 105 So as to suppress the parasitic capaci 
tance and the parasitic resistance. It is also possible to design 
the parasitic characteristics of the two variable capacities on 
exactly the same basis. 
The capacitance of the two sets of the variable capacities 

were measured by applying a voltage of 0-3V between the 
lower electrode 103 and the upper electrode 105, with the 
result that a very uniform change in capacitance was obtained 
continuously such that the minimum capacitance was found 
to be 25.6 and 26.1 pF and the maximum capacitance was 
found to be 189.8 and 191.0 pF. 

In the variable capacity shown in FIGS. 5 and 6, the driving 
section 107 tends to be deformed as shown in FIG. 7, and the 
warped deformation tends to cause the movable electrodes 
108A to 108D not to be moved in parallel to the substrate 101 
such that the movable electrodes 108A to 108D tend to face 
the stationary electrodes 110A to 110H in an inclined manner. 
In order to cope with the warped deformation of the driving 
section 107, it is desirable for the stationary electrodes 110A 
to 110H to be connected as shown in FIG. 8. 

In the construction of the variable capacity shown in FIG. 
8, the stationary electrodes 110A and 110H arranged on the 
outermost circumferential surface of the movable head 109 in 
a manner to face the movable electrodes 108A and 108D, 
respectively, which are also arranged on the outermost cir 
cumferential surface of the movable head 109 are connected 
to each other via the wirings 112A and 112H, and the junction 
between the wirings 112A and 112H is connected to a first 
input terminal 90-1. Also, the stationary electrodes 110B and 
110G arranged inside the stationary electrodes 110A and 
110H in a manner to face the movable electrodes 108A and 
108D are connected to each other via the wirings 112B and 
112G, respectively, and the junction between the wirings 
112B and 112G is connected to a second input terminal 90-2. 
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Likewise, stationary electrodes 110C and 110F, which are 
positioned to face the movable electrodes 108B and 108C 
arranged inside the movable electrodes 108A and 108D, are 
connected to each other via the wirings 112C and 112F, 
respectively, and the junction between the wirings 112C and 
112F is connected to a third input terminal 92-1, and station 
ary electrodes 110D and 110E arranged inside the stationary 
electrodes 110C and 110F, respectively, in a manner to face 
the movable electrodes 108B and 108C are connected to each 
other via the wirings 112D and 112E, respectively, and the 
junction between the wirings 112D and 112E is connected to 
a fourth input terminal 92-2. Because of the particular con 
nection, the capacities connected in series and in parallel 
between the first and second input terminals 90-1 and 90-2 
can be set Substantially equal to the capacities connected in 
series and in parallel between the third and second terminals 
90-3 and 90-2 even if the movable electrodes 108A to 108D 
are driven in an inclined manner. To be more specific, where 
the movable head 109 is inclined as shown in FIG. 7, the 
movable electrode 108A is arranged closest to the substrate 
101, compared with the other movable electrodes 108B, 
108C, and 108D. On the other hand, the movable electrode 
108D is arranged most apart from the substrate 101, com 
pared with the other electrodes 108A, 10B, and 108C. It 
follows that the capacity formed between the movable elec 
trode 108A and the stationary electrodes 110A, 110B has the 
largest capacitance, and the capacity formed between the 
movable electrode 108D and the stationary electrodes 110G. 
110H has the smallest capacitance. The resultant capacity 
formed by connecting these two capacities is Substantially 
equal to the resultant capacity formed by combining the 
capacity formed between the movable electrode 108B and the 
stationary electrodes 110C, 110D and the capacity formed 
between the movable electrode 108C and the stationary elec 
trodes 110E, 110F. In the construction shown in FIG. 8, 
formed are four capacities connected in series and in parallel. 
Further, in the case of forming a large number of capacities 
connected in series and in parallel, it is possible to permit the 
resultant capacities to be substantially equal to each other in 
capacitance, if the capacities formed in the outermost circum 
ferential Surface are connected to each other, and the capaci 
ties formed inside the capacities noted above are successively 
connected to each other in the fashion described above with 
reference to FIG. 8. 

Fourth Embodiment 

FIG. 9 is a circuit diagram showing the construction of a 
ladder type tunable filter utilizing the piezoelectric driving 
MEMS variable capacity or capacitor according to a fourth 
embodiment of the present invention. 

In the ladder type tunable filter shown in FIG.9, two sets of 
series-connected resonance circuits 45 are connected in series 
to an input-output line 50, and two sets of parallel-connected 
resonance circuits 49 are connected in parallel between the 
input-output line 50 and a ground line 70. 
The resonance circuit 45 of the serial arrangement com 

prises a resonator 42 of the serial arrangement, a parallel 
connected variable capacity 43 of a serial arrangement, which 
is connected in parallel to the resonator 42, and a series 
connected variable capacity 44 of the serial arrangement, 
which is connected in series to the resonator 42. On the other 
hand, the resonator 49 of the parallel arrangement comprises 
a resonator 46 of a parallel arrangement, which is connected 
between the input-output line 50 and the ground line 70, a 
parallel-connected variable capacity 47 of the parallel 
arrangement, which is connected in parallel to the resonator 
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46, and a series-connected variable capacity 48 of the parallel 
arrangement, which is connected in series to the resonator 46. 

It is desirable to use an elastic Surface wave resonator 
(SAW resonator) or a thin film piezoelectric resonator 
(FBAR) as the resonators 42 and 46 included in the resonance 
circuit of the serial arrangement and the parallel arrangement. 
Also, it is possible to obtain desirable filter characteristics by 
setting the resonance frequency of the resonator 42 of the 
serial arrangement at a level somewhat higher than the reso 
nance frequency of the resonator 46 of the parallel arrange 
ment. For example, it is advisable to set the resonance fre 
quency of the resonator 42 of the serial arrangement at 2.05 
GHz and to set the resonance frequency of the resonator 46 of 
the parallel arrangement at 2.01 GHz. 

In the circuit shown in FIG. 9, the same capacitance is 
imparted to the variable capacity 43 that is connected in 
parallel to the resonator 42 in the two resonance circuits 45 of 
the serial arrangement, and the capacitances can be tuned at 
substantially same. It follows that, the two variable capacities 
43 shown in FIG. 9 are formed of the MEMS type variable 
capacity elements 1 on the same Substrate, in which the 
capacitance is tuned by the piezoelectric driving mechanism 
shown in FIGS. 1 to 8. Where a circuit is further added to the 
resonance circuit 45 of the serial arrangement so as to 
increase the number of stages, it suffices for the variable 
capacities 43, the number of which corresponds to the number 
of stages, to be formed in a single MEMS type variable 
capacity element 1. Similarly, in the circuit shown in FIG. 9. 
the same capacitance is imparted to the variable capacity 44 
that is connected in series to the resonator 42 in each of the 
two resonance circuits 45 of the serial arrangements, and the 
capacitances can be tuned at Substantially same. Each of the 
two variable capacities 44 shown in FIG. 9 is formed of the 
MEMS type variable capacity element 1, and these two vari 
able capacities 44 are formed on the same Substrate, in which 
the capacitances can be tuned by the piezoelectric driving 
mechanism shown in FIGS. 1 to 8. Where the resonance 
circuit 45 is further added to the circuit so as to increase the 
number of stages, it suffices for the variable capacities 43, the 
number of which corresponds to the number of stages, to be 
formed in a single MEMS type variable capacity element 1. 

Also, in the two resonance circuits 49 of the serial arrange 
ment shown in FIG.9, the same capacitance is imparted to the 
variable capacity 47, and the capacitances can be tuned at 
substantially same. It follows that the two variable capacities 
47 shown in FIG. 9 is formed of the MEMS type variable 
capacity element 1 formed on the same Substrate, in which the 
capacity is tuned by the piezoelectric driving mechanism 
shown in FIGS. 1 to 8. Where the resonance circuit 49 of the 
parallel arrangement is further added to the circuit so as to 
increase the number of stages, it suffices for the variable 
capacities 47, the number of which corresponds to the number 
of stages, to be formed in the single MEMS type variable 
capacity element 1. Similarly, in the two resonance circuits 49 
of the parallel arrangement shown in FIG.9, the same capaci 
tance is imparted to the variable capacity 48 connected in 
series to the resonator 46, and the capacitance is always tuned 
the same. It follows that the two variable capacities shown in 
FIG. 9 are formed of the MEMS type variable capacity ele 
ment 1 on the same Substrate, in which the capacity is tuned 
by the piezoelectric driving mechanism shown in FIGS. 1 to 
8. Where the resonance circuit 49 is further added to the 
circuit so as to increase the number of stages, it suffices for the 
variable capacity 48, the number of which corresponds to the 
number of stages, to be formed in the single MEMS type 
variable capacity element 1. 
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In the circuit described above, each pair of the variable 
capacities 43,43 are required to be varied by the same capaci 
tance relative to the respective driving Voltage, and it is con 
firmed that the MEMS type variable capacity element 1 sat 
isfies this particular requirement. FIG. 10 is a graph showing 
the filtercharacteristics the two variable capacities for the first 
and second embodiments. As apparent from the graph, good 
tunable filter characteristics are obtained as shown in FIG. 10 
by applying a driving Voltage calculated in advance. 

Fifth Embodiment 

FIG.11 is a circuit diagram showing the lattice type tunable 
filter using the MEMS type variable capacity or capacitor 
equipped with the piezoelectric driving mechanism accord 
ing to a fifth embodiment of the present invention. 

In the lattice type tunable filter shown in FIG. 11, first 
resonance circuits 55 are arranged on a pair of parallel sides, 
and second resonance circuits 59 are arranged on another pair 
of parallel sides so as to constitute a bridge circuit. An input 
terminal IN is arranged between a pair of first resonance 
circuit 55 and second resonance circuit 59, and another input 
terminal IN, is arranged between another pair of first reso 
nance circuit 55 and second resonance circuit 59. Likewise, 
an output terminal OUT1 is arranged between a pair of the 
first resonance circuit 55 and the second resonance circuit 59 
and another output terminal OUT2 is arranged between 
another pair of the first resonance circuit 55 and the second 
resonance circuit 59. 
The first resonance circuit 55 includes a first inductor 52 

used as a resonator, a first variable capacity 54 of the serial 
arrangement that is connected in series to the first inductor 52, 
and a first variable capacity 53 of the parallel arrangement 
that is connected in parallel to the series-connected circuit of 
the first inductor 52 and the capacity 54. 

Also, the second resonance circuit 59 includes a second 
inductor 57 used as a resonator, a second variable capacity 56 
of the serial arrangement, which is connected in series to the 
second inductor 57, and a second variable capacity 58 of the 
parallel arrangement, which is connected in parallel to the 
series-connected circuit of the second inductor 57 and the 
variable capacity 56. 

It is desirable to use an inductor formed by using, for 
example, a strip line having a low resistivity and a high Q 
value as each of the first and second inductors 52 and 57. The 
inductance of the first inductor 52 is set at, for example, 2.3 
nH, and the inductance of the second inductor 55 is set at 9.3 
nH. 

Also, in order to measure the capacitance of the first and 
second variable capacities 54, 56 of the serial arrangement, 
arranged are capacities 60 and 69 whose capacitance is varied 
like the capacities 54,56, and first monitor circuits 61, 70 for 
measuring the capacitance of the capacities 60, 69 are con 
nected to the capacities 60, 69, respectively. The capacitance 
measured in the first monitor circuits 61, 70 is supplied to 
calibration circuits 62, 71 so as to be compared with the 
capacitance set in advance. If the measured capacitance does 
not reach a prescribed value, the MEMS type variable capac 
ity element 1 having the capacity 54 and the capacity 60 
formed in the same substrate is driven. Also, the MEMS type 
variable capacity element 1 having the capacity 56 and the 
capacity 69 formed in the same substrate is driven as 
described previously so as to tune the capacitance of each of 
the capacities 54, 56. 

Likewise, in order to measure the capacitance of the first 
and second variable capacities 53 and 58, capacities 63, 66 
whose capacitance is varied are arranged, and the first moni 
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tor circuits 61, 64 for measuring the capacitance of each of the 
capacities 63, 66 are connected to the capacities 60, 63, 
respectively. The capacitance measured in each of the first 
monitor circuits 61, 70 is supplied to calibration circuits 65. 
67 so as to be compared with the capacitance set in advance, 
and where the measure capacitance does not reach a pre 
scribed value, the MEMS type variable capacity element 1 
having the capacity 53 and the capacity 63 formed in the same 
substrate and the MEMS type variable capacity element 1 
having the capacity 58 and the capacity 66 formed in the same 
substrate are driven as described previously so as to tune the 
capacitance of each of the capacities 54, 58. 
As described above, in order to move the movable head in 

a vertical direction while holding the movable head in parallel 
to the substrate in the MEMS type variable capacity equipped 
with the piezoelectric driving mechanism of the present 
invention, it is desirable to increase the bending rigidity of the 
movable head, to connect a plurality of piezoelectric driving 
mechanisms to each other via a neck section having a small 
bending rigidity, to arrange these piezoelectric driving 
mechanisms in a symmetric position with respect to any of a 
predetermined line, a point, and rotary plane. In general, the 
bending rigidity is proportional to three powers of the thick 
ness and one power of the width. Thus, it is desirable to 
increase the thickness and width of the movable head and to 
decrease the thickness and width of the neck section. It is 
desirable for the ratio in the bending rigidity of the movable 
head to the neck section to be at least 1.5, and if possible, at 
least 3. 

It is also possible to employ the construction shown in FIG. 
4, i.e., the piezoelectric actuator structure of the called 
S-mode, in order to move the movable head in a vertical 
direction while holding the movable head in parallel to the 
Substrate. In the S-mode piezoelectric actuator, arranged is a 
piezoelectric actuator of the same length having the polarity 
inverted in the longitudinal direction of the beam. In the stage 
of applying a driving Voltage, one actuator is warped in a 
convex configuration, and the other actuator is warped in a 
concave configuration so as to cancel the inclination, with the 
result that the movable head can be moved in the vertical 
direction while holding the movable head parallel to the sub 
Strate. 

Also, in order to control the movable electrodes of a plu 
rality of variable capacities mounted in the movable head in 
the same fashion for operating the movable electrodes, it is 
desirable for the movable electrodes to be arranged at posi 
tions that are in Symmetry to the piezoelectric driving mecha 
nism with respect to a line, a point and the rotary plane. 

Also, regarding the movable beam structure having a 
piezoelectric driving mechanism, it is possible to employ a 
so-called “unimorph structure' or an asymmetric “bimorph 
structure', i.e., a laminate structure of a piezoelectric film 
sandwiched between the upper and lower electrodes and a 
Support film or a laminate structure of two piezoelectric films 
sandwiched between the upper and lower electrodes, which is 
called a bimorph structure. 

Six Embodiment 

FIG. 12 is a circuit diagram, in which a MEMS type vari 
able capacity or capacitor having a piezoelectric driving 
mechanism according to the third embodiment of the present 
invention is used in the tunable impedance matching circuit 
on the output side of a low noise amplifier (LNA). 
As shown in the drawing, stationary electrode wirings 

112A, 112B of the two variable capacities 111 are connected 
in series to an output side signal line 120 of the equilibrium 
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output type LNA 114. Also, the stationary electrode wiring 
112B is connected to an inductor 113 connected in parallel 
between the output signal lines 120 and 122 and having an 
inductance of 7 nPH. 
The passing characteristics were measured while varying 

the capacitance of the variable capacity 111 under the condi 
tion that the impedance on the input side and the output side 
was set at 50 S2, with the resultas shown in FIG. 13. As shown 
in FIG. 13, where the capacitance of the two variable capaci 
ties is about 70 pF, the maximum passing characteristics were 
obtained under the frequency of about 800 MHz. Where the 
capacitance noted above was about 115 pF, the maximum 
passing characteristics were obtained under the frequency of 
1.5 GHZ, and where the capacitance noted above was about 
160 pF, the maximum passing characteristics were obtained 
under the frequency of 2.0 GHz. 
As described above, it is possible to realize an equilibrium 

type amplifier provided with a tunable matching circuit, 
which permits an impedance matching over a very wide fre 
quency range by using two variable capacities 111 having 
well aligned variable characteristics as the output impedance 
matching circuit of an equilibrium amplifier. 

Incidentally, each of the Embodiments described above is 
simply intended to exemplify the apparatus and method for 
embodying the technical idea of the present invention. Need 
less to say, the technical idea of the present invention is not 
limited to the materials, shapes, constructions and arrange 
ments of the constituting members of the apparatus disclosed 
in the Embodiments described above. In other words, the 
present invention can be modified in various fashions within 
the technical scope of the present invention. 

According to the piezoelectric MEMS element structure of 
the present invention, the same characteristics can be 
obtained from a plurality of piezoelectric MEMS elements so 
as to make it possible to obtain a variable capacity including 
a control mechanism excellent in reproducibility and reliabil 
ity. 

Additional advantages and modifications will readily 
occur to those skilled in the art. Therefore, the invention in its 
broader aspects is not limited to the specific details and rep 
resentative embodiments shown and described herein. 
Accordingly, various modifications may be made without 
departing from the spirit or scope of the general inventive 
concept as defined by the appended claims and their equiva 
lents. 
What is claimed is: 
1. A piezoelectric MEMS element, comprising: 
a Substrate having a first Surface; 
a movable head having a second Surface faced to the first 

Surface; 
first and second movable electrodes arranged on the second 

Surface; 
first and second pairs of stationary electrodes formed on 

the first surface, the first pair of stationary electrodes 
being arranged to face the first movable electrode with a 
gap and the second pair of stationary electrodes being 
arranged to face the second movable electrode with the 
gap; and 

a driving beam structure configured to drive the movable 
head, the driving beam structure including a piezoelec 
tric film generating a driving force, which is elongated 
from the movable head to the end of the driving beam 
structure in a longitudinal direction of the driving beam 
structure, the end of the driving beam structure being 
fixed to the substrate to support the movable head, first 
and second variable capacitors being formed between 
the first movable electrode and the first pair of stationary 
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electrodes and between the second movable electrode 
and the second pair of stationary electrodes, and having 
first capacitance and second capacitance, respectively, 
the first capacitance and second capacitance being var 
ied depending on the driving of the movable head. 

2. The piezoelectric MEMS element according to claim 1, 
wherein the Substrate include a recess having a flat inner 
Surface and a peripheral region defining the recess, and the 
stationary electrode is arranged on the inner Surface of the 
recess and the end of the driving beam structure is fixed to the 
peripheral region of the Substrate. 

3. The piezoelectric MEMS element according to claim 1, 
wherein each of the first and second variable capacitors 
includes capacities connected in series between each of the 
first and second movable electrode and each of the first and 
second pairs of the stationary electrodes. 

4. The piezoelectric MEMS element according to claim 1, 
wherein the driving beam structure includes first and second 
electrode films configured to apply a Voltage to the piezoelec 
tric film, which extends in the longitudinal direction of the 
driving beam structure, and the piezoelectric film is inter 
posed between the first and second electrode films. 

5. The piezoelectric MEMS element according to claim 1, 
further comprising a wiring electrically connected to the sta 
tionary electrode and extending along the first Surface. 

6. A piezoelectric MEMS element, comprising: 
a Substrate having a first Surface; 
a movable head having a second Surface facing the first 

Surface; 
movable electrodes which are substantially symmetrically 

arranged on the second surface with respect to the center 
point of the movable head; 

pairs of stationary electrodes which are so formed and 
arranged on the first Surface as to face the movable 
electrode with a gap, respectively; and 

a driving beam structure configured to drive the movable 
head, the driving beam structure including first, second, 
third and fourth driving beams arranged in symmetry 
with respect to the center point of the movable head, 
each of the first, second, third and fourth driving beams 
including a piezoelectric film deforming the driving 
beam structure, which is elongated in a longitudinal 
direction of corresponding one of the driving beams 
from the movable head to the end of the corresponding 
driving beam, the ends of the first, second, third and 
fourth driving beams being fixed to the substrate to sup 
port the movable head, each of variable capacitors being 
formed between the movable electrode and the pair of 
stationary electrodes faced to the movable electrode, and 
having the capacitance which is varied depending on the 
driving of the movable head. 

7. The piezoelectric MEMS element according to claim 6, 
wherein the Substrate include a recess having a flat inner 
Surface and a peripheral region defining the recess, and the 
stationary electrode is arranged on the inner Surface of the 
recess and the ends of the first, second, third and fourth 
driving beams are fixed to the peripheral region of the sub 
Strate. 

8. The piezoelectric MEMS element according to claim 6, 
wherein each of the variable capacitors includes two capaci 
ties connected in series between the movable electrode and 
each of the stationary electrodes. 

9. The piezoelectric MEMS element according to claim 6, 
wherein each of the driving beams includes first and second 
electrode films configured to apply a Voltage to the piezoelec 
tric film, which extends in the longitudinal direction of the 
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corresponding driving beam, and the piezoelectric film is 
interposed between the first and second electrode films. 

10. The piezoelectric MEMS element according to claim 6, 
further comprising a wiring electrically connected to the sta 
tionary electrode and extending along the first Surface. 

11. A piezoelectric MEMS element, comprising: 
a Substrate having a first Surface; 
a movable head having a second Surface faced to the first 

Surface; 
movable electrodes which are arranged on the second Sur 

face Substantially in symmetry with respect to the center 
point of the movable head; 

pairs of stationary electrodes which are so formed and 
arranged on the first Surface as to face the movable 
electrodes with a gap, respectively; and 

a driving beam structure configured to drive the movable 
head, including first and second driving beams which are 
extended in opposite directions to Support the movable 
head, each of the first and second driving beams includ 
ing a piezoelectric film generating a driving force, the 
piezoelectric element extending in a longitudinal direc 
tion of corresponding one of the first and second driving 
beams from the movable head to the end of the corre 
sponding driving beam, variable capacitors being 
formed between the movable electrodes and the pairs of 
the stationary electrodes, respectively, and each of the 
variable capacitors having a capacitance which is varied 
depending on the driving of the movable head. 

12. The piezoelectric MEMS element according to claim 
11, wherein the substrate include a recess having a flat inner 
Surface and a peripheral region defining the recess, and the 
stationary electrode is arranged on the inner surface of the 
recess and the ends of the first and second beams are fixed to 
the peripheral region of the substrate. 

13. The piezoelectric MEMS element according to claim 
11, wherein each of the variable capacitors includes two 
capacities connected in series between the movable electrode 
and each of the stationary electrodes. 

14. The piezoelectric MEMS element according to claim 
11, wherein each of the first and second driving beams 
includes first and second electrode films configured to apply 
a voltage to the piezoelectric film, which extends in the lon 
gitudinal direction of the corresponding driving beam, and 
the piezoelectric film is interposed between the first and sec 
ond electrode films. 

15. The piezoelectric MEMS element according to claim 
11, further comprising a wiring electrically connected to the 
stationary electrode and extending along the first Surface. 

16. The piezoelectric MEMS element according to claim 
11, wherein the first and second driving beams are arranged 
substantially in symmetry with respect to the center point of 
the movable head. 

17. A tunable filter, comprising: 
input-output line and a ground line; 
first resonance circuits connected in series to the input 

output line, including a first resonator connected to the 
input-output line, a first variable capacity connected in 
parallel to the first resonator, and a second variable 
capacity connected in series to the first resonator and to 
the first variable capacity, 

said the first and second variable capacitors being formed 
of first and second piezoelectric MEMS elements, and 
each of the first and second piezoelectric MEMS ele 
ments comprising: 
a first Substrate having a first Surface; 
a first movable head having a second Surface faced to the 

first surface; 
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18 
first movable electrodes which are arranged on the sec 
ond Surface; 

pairs of first stationary electrodes which are so formed 
and arranged on the first Surface as to face the first 
movable electrodes with a first gap, respectively; and 

a first driving beam structure configured to drive the first 
movable head, the driving beam structure including a 
first piezoelectric film generating a driving force, 
which is elongated from the movable head to the end 
of the driving beam structure in a longitudinal direc 
tion of the first driving beam structure, the end of the 
first driving beam structure being fixed to the sub 
strate to support the movable head, the first and sec 
ond variable capacitors being formed between the 
first movable electrodes and the pairs of the first sta 
tionary electrodes, respectively, and each of the first 
and second variable capacitors having the capacitance 
which is varied depending on the driving of the first 
movable head; and 

a second resonance circuits arranged between the first reso 
nance circuits and connected between the input-output 
line and the ground line and including a second resona 
tor connected between the input-output line and the 
ground line, a third variable capacity connected in par 
allel to the second resonator, and a fourth variable capac 
ity connected in series to the second resonator and to the 
third variable capacity, 

said third and fourth variable capacitors being formed of 
third and fourthpiezoelectric MEMS elements, and each 
of the third and fourth piezoelectric MEMS element 
comprising: 
a second substrate having a third surface; 
a second movable head having a fourth Surface faced to 

the third surface; 
second movable electrodes which are arranged on the 

fourth surface; 
pairs of second stationary electrodes which are so 

formed and arranged on the third surface as to face the 
second movable electrodes with a second gap, respec 
tively; and 

a second driving beam structure configured to drive the 
movable head, the driving beam structure including a 
second piezoelectric film generating a driving force, 
which is elongated from the movable head to the end 
of the second driving beam structure in a longitudinal 
direction of the second driving beam structure, the 
end of the first driving beam structure being fixed to 
the substrate to support the movable head, the third 
and fourth variable capacitors being formed between 
the second movable electrodes and the pairs of the 
second stationary electrodes, respectively, and each 
of the third and fourth variable capacitors having the 
capacitance which is varied depending on the driving 
of the second movable head. 

18. A tunable filter, comprising: 
first and second input terminals; 
first and second output terminals; 
a bridge circuit including first and second resonance cir 

cuits connected between the first input terminal and first 
and second output terminals and third and fourth reso 
nance circuits connected between the second inputter 
minal and the first and second output terminals, each of 
the first to fourth resonance circuits being formed of a 
resonator, a first variable capacity connected in series to 
the resonator, and a second variable capacity connected 
in parallel to the series circuit of the resonator and the 
first variable capacity, the first variable capacity 
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included in each of the first to fourth resonance circuits support the movable head, each of the first and second 
being formed of a first piezoelectric MEMS element, the driving beams including a piezoelectric film generat 
first variable capacity included in each of the second and ing a driving force, the piezoelectric element extend 
third resonance circuits being formed of a second piezo- ing in a longitudinal direction of corresponding one of 
electric MEMS element, a second variable capacity 5 the first and second driving beams from the movable 
included in each of the first and fourth resonance circuits head to the end of the corresponding driving beam, the 
being formed of a third piezoelectric MEMS element, first to fourth variable capacitors being formed 
and the second variable capacity included in each of the between the movable electrodes and the pairs of the 
second and third resonance circuits being formed of a stationary electrodes, respectively, and each of the 
fourth piezoelectric MEMS element, 10 first and second variable capacitors having the capaci 

each of the first, second, third and fourth piezoelectric tance which is varied depending on the driving of the 
MEMS elements comprising: movable head. 
a Substrate having a first Surface; 19. The tunable filter according to claim 18, wherein each 
a movable head having a second Surface faced to the first of the first to fourth piezoelectric MEMS elements further 

Surface; 15 includes a third variable capacity arranged between the mov 
movable electrodes which are arranged on the second able electrode and the stationary electrode, and the tunable 

Surface; filter further comprises a tuning circuit monitoring the capaci 
pairs of stationary electrodes which are so formed and tance of the third capacity and driving the first to fourth 

arranged on the first Surface as to face the movable piezoelectric MEMS elements so as to tune the capacitance of 
electrodes with a gap, respectively; and 20 the corresponding variable capacity. 

a driving beam structure configured to drive the movable 
head, which are extended in opposite directions to k . . . . 


